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Available online 28 June 2015AbstractAim of the study: To evaluate biomechanically the capabilities of a new modified face in producing distal molar movement in
patients with high angle skeletal dysplasia.
Materials and methods: A sample of 20 patients with age range 14e18 years was randomly selected from the outpatient clinic of
the Orthodontic Department in the Faculty of Oral and Dental Medicine, Cairo University. They were then divided into: group 1;
treated with the modified face bow with high pull traction, group 2; treated with the conventional high pull headgear, 12e14 h/day
for 12 months.
Results: U6/PP showed a statistically significant reduction; p < 0.001, in group 1. There was no significant difference in U6/PP
in group 2. U6/S perpendicular showed no significant difference between groups; p ¼ 0.179, or within the same group before and
after treatment; p ¼ 0.330.
Conclusion: No significant distalization occurred with either the conventional high pull headgear or the new modified face bow.
However, distal root tipping occurred with the new modified face bow which could provide material for further studies.
© 2015, Hosting by Elsevier B.V. on behalf of the Faculty of Dentistry, Tanta University.
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The deviation in the vertical relationship of the
maxillary and mandibular apical bases results in high
angle skeletal dysplasia; which is considered one of the
most difficult problems to be treated in Orthodontics.* Corresponding author. Department of Orthodontics, National
Research Center, Tahrir street, Dokki, 12622 Cairo, Egypt.
Peer review under the responsibility of the Faculty of Dentistry,
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1687-8574/© 2015, Hosting by Elsevier B.V. on behalf of the Faculty of DDistalization has long been done over the years
using the headgear. The high pull headgear, according
to the literature, could hardly produce any distal molar
movement in high angle patients [1,2]. Sfondrini et al.
[3] mentioned that it could only produce molar intru-
sion. However, Firouz et al. [4] showed clinically that
the high pull headgear can achieve significant distal
movement of the dentition with 500 g of force/side in
addition to a significant intrusion of 0.54 mm. Despite
that the headgear is usually preferred with compliant
patients, its usage is important to prevent anteriorentistry, Tanta University.
Fig. 1. Mechanical joint of the new modified face bow.
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compliance distalizing appliances [5]. Control of the
vertical dimension [6], as well as the lower costs are
added benefits.
Variation in treatment outcomes can occur with
variation in the length of treatment, methods and
experimental design [3]. Hence, there are no guidelines
for determining which patients will have favorable
outcomes. Accordingly, the purpose of this study was
to investigate biomechanically the capabilities of a new
modified face bow with a reduced 150 g/side force in
producing distal molar movement in high angle cases,
thus providing possible guidelines for treatment.
2. Materials and methods
The sample size needed to attain statistical signifi-
cance was estimated at the beginning of the study.
Sample size was calculated using IBM™ SPSS™
SamplePower™ (Version 3.0.1) which showed that 11
patients in each group was the minimum number to
provide statistical power of 80% and a significance
level 5% with 20% dropout ratio [3].
The study started with twenty four adolescent pa-
tients of average age 16 years that were selected to be
of reasonable cooperation, increased lower anterior
facial height, radiographically increased Frankfurt/
mandibular plane angle and no previous orthodontic
treatment.
To equally and randomly distribute the patients into
two groups a computer-generated randomization list
was utilized using “Random sequence generator”
(random.org). For the sake of allocation concealment
to prevent selection bias patients' diagnosis sheets were
put in dark, opaque and sealed envelopes and sequen-
tially numbered. The different envelopes were then
assigned to the different groups according to the
generated numbers. The whole process was accom-
plished by a participant in the study other than the
researcher conducting the clinical treatment.
Group 1, consisted of 12 high angle patients treated
with the new modified face bow with high pull traction.
Group 2, consisted of 12 high angle patients treated
with the conventional high pull headgear. However,
during the treatment period there were four dropouts;
one in group 1 and three in group 2 giving us a total of
11 patients in group 1 and 9 patients in group 2.
The new modified face bow was constructed from
stainless steel; the outer and inner bows were attached
together using mechanical joining. The inner bow was
mechanically joined to the outer one through a coil
constructed with two and a half turn helix to deliver apre-calculated force of 150 g/side and with an angu-
lation of 45 (Fig. 1). The extra-oral elastomeric
module was replaced with self adhesive scotch with a
triangular piece of metal at its end.
Lateral cephalometric radiographs were taken pre
and post treatment. Stainless steel transpalatal arch was
fitted to the first molars and the patients were instructed
to wear their appliances for 12e14 h/day for 12 months.
The study design was adopted from a previous study [6]
as well as the technique for compliance monitoring
[4,6].
To monitor patients' compliance, every patient
wrote a daily diary showing the number of hours the
appliance has been worn. Every four weeks when the
patient came for the visit, patient compliance was
assessed through checking the daily diary and con-
firming it with a member of the family. The patients
were asked to wear their appliances and the ease of
insertion was observed as well as any physical signs on
the appliance itself indicating that it had been worn
regularly.
Cephalometric radiographs were traced; pre and
post-treatment measurements (T1, T2) were compared
for each group and between groups. Superimposition
on the palatal plane to compare pre and post treatment
molar position was done. To assess the selection
criteria, the mean FMA with Frankfurt horizontal
constructed at 7, was 43.6 for group 1 and 42.7 for
group 2. ANS-Me (mm) had a mean of 83.4 for group
1 and 84.2 for group 2. The dental angular measure-
ment used was U6-PP which is the angle formed be-
tween the perpendicular line to the centroid point and
the palatal plane; where the centroid point is the
midpoint of a line joining the most convex mesial and
distal points on the crown. U6-SN was also measured
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SN plane. Regarding the linear dental measurements;
U6/S mm perpendicular was measured; which is the
perpendicular distance from the centroid to a perpen-
dicular on SN from S point (Fig. 2).
A two way analysis of variance with repeated
measure on one factor was performed to study the
different groups and the effect of the time factor on the
measurements. In case of significant interaction,
ManneWhitney test was used for comparing between
groups. Wilcoxon signed-rank test was used to
compare between before and after measurements
within each group.
3. Results
Descriptive statistics of the results were done;
means and standard deviations. The results showed no
significant difference between group 1 and group 2 for
the pretreatment measurements FMA, ANS-Me (mm),
U6/PP and U6/SN. There was a statistically signifi-
cant difference between groups in the treatment
outcome, however. The angular measurements FMA
and U6/PP showed a significant decrease post treat-
ment in group 1; p ¼ 0.009 and p ¼ 0.034,Fig. 2. Constructed lines and the centroid point.respectively. While in group 2 there was no significant
difference; p ¼ 0.111, p ¼ 0.071 respectively. Simi-
larly, the measurement U6/SN showed a significant
decrease post treatment in group 1 and no statistically
significant difference in group 2 (Table 1).
Regarding the linear measurement ANS-Me (mm), it
showed no statistically significant difference between
groups pretreatment while the difference between
measurements before and after treatment for group 1
was found to be statistically significant; p ¼ 0.034 and
not significant for group 2; p ¼ 0.055.
As for the linear measurement U6/S mm perpen-
dicular, there was no significant difference between
group 1 and group 2 before treatment; p ¼ 0.179.
There was also no significant difference in U6/S mm
measurement before and after treatment in either
groups; p ¼ 0.330 (Table 2).
4. Discussion
Throughout the literature, many techniques have
been used for distalizing molars. The use of extraoral
forces was popular for many years due to its known
advantages [5,6]. However, the drawbacks of patient
co-operation have led clinicians to search for non
compliant treatment modalities, despite that some of
these treatment modalities still require varying degrees
of patient compliance [7]. Accordingly, in the current
study, the technique used to ensure patient cooperation
was adopted from Firouz et al. [4] and it has yielded
successful results in a previous study [6].
On reviewing the literature, it was found that the
mesial crown tipping observed in this study was inTable 1
Descriptive statistics showing means and standard deviations of
measurements; and difference between pre-treatment and post treat-
ment angular measurements for both groups.
Measurement Group1 Group 2 P-value
Mean SD Mean SD
U6/PP Before 106.9 8.5 103.0 5.8 0.213*
After 104.1 7.4 109.4 10.7 0.875**
T2  T1 2.71 2.63 6.42 6.89 0.008***
U6/SN Before 110.5 7.5 107.2 7.6 0.226
After 107.7 6.5 113.5 14.3 0.810
T2  T1 2.79 2.67 6.33 6.77 0.007
FMA Before 43.6 5.7 42.7 10.4 0.450
After 42.1 6.5 43.7 10.2 0.942
T2  T1 1.50 1.04 1.00 1.26 0.002
*P-value comparing the effect of time, **P-value comparing groups
and ***P-value for the interaction between time and groups. All
measurements are to the nearest 0.5.
Table 2
Descriptive statistics showing means and standard deviations of
measurements; and differences between pre-treatment and post
treatment linear measurements for both groups.
Measurement Group1 Group2 P-value
Mean SD Mean SD
ANS-Me mm Before 83.4 8.7 84.2 7.8 0.619*
After 81.2 7.8 85.8 8.3 0.566**
T2  T1 2.21 2.14 1.67 1.63 0.004***
U6/S perpendicular Before 38.6 8.7 30.3 10.8 0.330
After 36.5 7.4 30.3 10.5 0.179
T2  T1 2.14 4.79 0.00 1.95 0.330
*P-value comparing the effect of time, **P-value comparing groups
and ***P-value for the interaction between time and groups. All
measurements are to the nearest 0.5.
Fig. 3. Group 1: tooth position after wearing the new modified face
bow.
Fig. 4. Group 2: tooth position after wearing the conventional high
pull headgear.
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force levels [4,8], but similar to a previous study [6].
Other studies showed distal crown tipping using
different distalization appliances [3,5,7,9,10]. This
could be considered a potential advantage of the new
modified face bow; since U¨çem and Yu¨ksel [11] re-
ported that molars that show distal crown tipping
during distalization relapse to the original position in a
very short time.
Some studies reported that high pull headgear was
less capable of causing distal molar movement in high
angle patients [1e3] and that distalization was con-
traindicated in open bite patients due to clockwise
mandibular rotation and increase in lower facial height
thus worsening the facial appearance [3]. However,
control of the vertical dimension using the new
modified face bow and its intrusive effect [6], over-
came this problem through a significant reduction in
lower facial height, and counter clockwise mandibular
rotation observed in group 1 in the current study and in
accordance with a previous study [6]. While group 2,
wearing the conventional high pull headgear showed
no significant change.
In the findings of this study however, there was no
statistically significant distalization in either groups
post treatment, furthermore there was no significant
difference between groups. This was in accordance
with U¨çem and Yu¨ksel [11] who described that high
pull headgears were not efficient enough for dis-
talization in cases with high mandibular plane angles.
On the other hand, Firouz et al. [4] and Watson et al.
[12] observed significant distalization using high pull
headgear however, using 500 g/side and 600e1000 g/
side, respectively. Baumrind et al. [13] also showed con-
tradicting results through a greater horizontal displace-
ment in the high-pull headgear group greater forces.No certain type of tooth movement can occur with
changes in forces while shutting off the other [13].
Accordingly, the biomechanical analysis of this study
matched that of a previous study by ElHiny et al. [6] in
which the design of the new modified face bow led to a
resultant force that was with a higher angle from the
occlusal plane in group 1 as compared to group 2
(Fig. 3). This led to a less distal component which was
accompanied by a more intrusive force in group 1
compared to group 2. Furthermore, a counter clock-
wise moment occurred that tipped the roots distally and
the crown mesially in group 1 wearing the new
modified face bow (Fig. 4).
In conclusion, neither treatment approaches in this
study produced significant distalization. However, the
new modified face bow, that has the added asset of
molar intrusion, tipped the roots of the molars distally
which could be an indication that a slight modification
in the force system of the appliance could result in
distal bodily movement of the molars. Further studies
could be conducted in that matter.
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